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ASSESSMENT OF INTEREXAMINER VARIABILITY AND CRITERIA
FOR POST AND CORE PREPARATION BY ANALYTIC RUBRICS
SYED RASHID HABIB
ABSTRACT
The aim of this study was to assess the various criteria involved in the post and core preparations
by the dental students, using an analytic rubric. Seventy-one dental students and six faculty members
participated in the study. The students prepared an ivorine single rooted premolar for a cast post and
core. The preparation included post-length, post-diameter, ferrule, pattern fabrication and adaptation
of the post. The evaluators for the grading used a custom designed 10-point rubric. Variation in all
the preparation parameters existed. Overall mean grade was 6.83+1.50 out of ten, with highest and
lowest grades awarded were by the evaluator-6 (7.38+.95) and evaluator-4 (5.97+1.51), respectively.
This indicated a moderate over all scoring/performance of the students. Students scored highest and
lowest in the criteria of post-length (1.45+.47) and post-adaptation (1.30+.54), respectively. The maximum variation of 1.41 in grades was found between evaluator-4 (Total Grade=5.97) and evaluator-6
(Total Grade=7.38). The lowest difference of .02 in total grades was found between evaluator-2 (Total
Grade=7.36) and evaluator-6 (Total Grade=7.38). The use of rubrics for the assessments of various
success criteria of post and core preparations by the dental students is useful, and can help in finding
the inaccuracies and deficiencies within each criterion of their work. Variations in the evaluator’s
grades still existed despite utilizing analytical rubrics, underscoring the need for continuous efforts
in improvement of the rubrics.
Keywords: Dental students; post and core; evaluation, analytic rubrics.
This article may be cited as: Habib SR Assessment of interexaminer variability and criteria for
post and core preparation by analytic rubrics. Pak Oral Dent J 2020; 40(3):190-96.
INTRODUCTION
The treatment options for the restoration of endodontically treated teeth (ETT) include; amalgam/
composite resin restorations, composite resin onlay/
overlay/inlay, ceramic onlay/overlay/inlay, gold overlay, and full coverage metal/metal ceramic/zirconia/
all ceramic crowns.1 The full/complete coverage crown
is indicated in case of teeth already heavily damaged
by dental caries, fractures etc.2 Intraradicular devices
(posts) are used in large numbers for the restoration
of these ETT successfully. The selection of post design
is critical as it influences the long-term success of the
restored teeth.3 These posts range from custom cast
post and core to prefabricated single visit techniques.
During the last few decades, a number of prefabricated
posts systems are introduced in the market with varying
success rate.4 However, the use of casted post and core
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is considered the gold standard by many clinicians to
ensure the long-term success of the ETT.5
The traditional custom cast post and core provides
a better geometric adaptation to the excessively flared,
elliptical, extremely tapered, irregular shape, atypical
canals and requires minimum tooth structure removal.6
A custom post and core can be casted from a direct resin
pattern or an indirect one.7 Fabrication of direct pattern
from autopolymerising resin is considered the method
of choice for the teeth with single canal. However, this
method is technique sensitive and requires good hand
skills to ensure a well fabricated casted post.8
As doctors of oral health, dentists are trained to
diagnose, treat, prevent oral diseases and manage
restorative procedures that preserve tooth structure,
replace missing or defective tooth structure, maintain
function/esthetic, and promote soft and hard tissue
health.9 In creating curricula, dental faculty must
consider the competencies to be developed through the
educational process, the learning experiences that will
lead to the development of these competencies, and ways
to assess or measure the attainment of competencies.9
Preclinical training in dental education is vital in devel-
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oping the dental students’ psychomotor skills, manual
dexterity and comprehension of procedures required
for successful restoration of teeth. The provision of
best possible dental treatment to the patients can only
be achieved with successful completion of preclinical
courses preceding the clinical course and graduation.10
Teaching and developing basic principles/skills of
post and core restorations is a very important part of
preclinical training in undergraduate dental curriculum. Nevertheless, the teaching and most importantly
the assessment of post and core exercises is challenging
for the dental faculty.11 Traditional glance and grade
(subjective) method, rubrics and digital grading are
practiced in different institutes.12 The subjective grading
method has been popular for assessments of preclinical
exercises in most of the dental schools.13 Despite in
saving time, it presents several disadvantages as it is
more generalized assessment and not specific, grades
are not true reflection of the students work and feedback to the students is not specific and useful for the
students.14 The use of criteria based evaluation systems
popularly known as ‘rubrics’ is not new in dental education system. Historically it is in place for almost half
of the current century.15 The usefulness of rubrics in
the dental education was highlighted and suggested
by Dhuru et al.15 in 1978. Faculty and researchers
are still constructing and using the rubrics for their
courses in the dental education.12,16-18 Its practicality
and ease, helps in assessments of the dental student’s
work, and specifically presents advantage over the
current advanced digital evaluation devices, to which
majority of the dental schools around the globe have
limited access.19 Use of analytic rubrics in preclinical
dental courses give appropriate feedback about the
student’s strengths and weakness in each domain of
the practical exercises/exams. According to Al Amri et
al.20, the rubrics also help the junior faculty members
in true assessments of the students work like their
senior colleagues.
Development of a rubric system for the assessment
of each step involved in post and core preparations
can help in finding out a dental student’s deficiencies/
weak areas. Thus, the objective of the present study
was to assess post and core preparations by the dental
students, using a custom designed analytic rubric. The
study also evaluated the inter-evaluator variability in
grades awarded to the students.
MATERIALS & METHODS
The present research was carried out at Prosthetic
Dental Sciences Department, College of Dentistry, King
Saud University. An ethical approval for the study was
obtained from College of Dentistry Research Center
(CDRC Registration # FR0501).

The study participants were seventy-one third year
dental students. Six Prosthodontic faculty members
with minimum five years teaching experience were
selected as the evaluators for the post and core preparations by the dental students. It was a double blind
study where the students and examiners information
was kept confidential from each other.
An ivorine single rooted lower right first premolar
tooth (#44) was selected for the post and core preparation. The participating students were asked to perform
endodontic treatment of the ivorine tooth, mount the
tooth in sectioned arch jaw dentoform with resin, and
section it horizontally at the junction of occlusal 2/3rd
with cervical 1/3rd. The sectioning was performed to
simulate the clinical scenario of badly broken down
coronal tooth structure, which is an indication for
cast post and core. After the students prepared the
teeth, they were assessed radiographically for optimal
endodontic treatment and visually for the mounting
and sectioning (Figure 1). The students were asked to
redo the teeth, which were found with poor quality of
endodontic treatment and mounting.
The students have already completed a post and core
preparations exercise earlier during their preclinical
training. They were again given instructions regarding this post and core preparation task using direct
technique of resin pattern fabrication. The students
were also familiarized with the evaluation criteria
(rubrics) used for evaluation before commencement of
the exercise. The preparation included post length; post
diameter; tooth preparation / ferrule; core build up /
resin pattern fabrication; and post adaptation (Figure
2). Time allowed for the preparation was decided to be
two hours and all the participating students finished
on time.
The prepared teeth were collected and labelled
after the exercise. A custom designed analytic rubric
resembling a grid was used for the evaluations by six
evaluators. This analytic rubric included all the important criteria of post and core preparation by direct
technique.8 The criteria were listed in the left most
column with levels of grades against each criterion
listed along the rows that included description of the
grade to be awarded in squares (Table 1). The scoring
for each of the criterion was completed and noted on
the right most column. The final grade awarded to the
student was calculated by summing up the scores of
all the criteria (Table 1).
Each student’s individual score was recorded on
a separate sheet by all the six evaluators. The serial
number on the prepared teeth and the printed sheets
were matched and blinded for the evaluators. The evaluators were already familiar with the rubrics used for
the preparation. However, they were further trained
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and calibrated before they started the evaluation.
The evaluators were provided with a printed version
of the evaluation sheet and the evaluation criteria
were described and explained to them in detail. The
evaluators reviewed the evaluation criteria and then
successfully completed grading independently for a
sample of student’s work.

tor’s total grades by Post Hoc Tukey HSD test. This
indicated variations among the evaluator’s grades. The
maximum variation of 1.41 in the grades was found
between evaluator # 4 (Total Grade=5.97) and evaluator
# 6 (Total Grade=7.38). The least difference of .02 in
total grades was found between evaluator # 2 (Total
Grade=7.36) and evaluator # 6 (Total Grade=7.38).

The first two criteria were graded from the radiographs recorded before and after the post space preparations (Figure 1). The third and fourth criteria were
evaluated visually by the evaluators, with the resin
pattern and post inside the canal (Figure 2a). While
the last criterion was graded visually after the resin
patterns were removed from the teeth (Figure 2b). No
time limit for the evaluations was set but the evaluators
were requested to do the evaluations individually and
not together.

With respect to the criteria utilized the greatest and
least inter-evaluator variation with Post Hoc Tukey test
was noted for the post diameter and post adaptation,
respectively (Table 4).

In the current rubrics used for the study, five
criteria of post and core preparation were evaluated,
which were out of total ten grades, two for each criterion. The grades to be awarded against each criterion
were further subdivided into: 2 points for excellent; 1.5
points for good; 1 point for fair/acceptable; 0.5 points
for poor and 0 points for unacceptable. (Table 1).
Statistical Package for Social Sciences version #22
was used for the analysis of the collected data. The
significance level was set at P<0.05. The statistical
analysis included descriptive statistics, ANOVA, and
Post Hoc Tukey HSD test for assessment of variations
in the final grades, against each of the five criteria and
the inter-evaluator grading by the six evaluators.
RESULTS
In the present study, various criteria involved in
post and core preparation were analyzed by using rubrics. Six different evaluators assessed the criteria for
seventy-one third year preclinical dental students Table
#2 describes the grading of individual criterion and total
of all criteria by the six evaluators. One-way analysis
of variance indicated significant difference for all the
preparation criteria except for post adaptation among
the evaluators, meaning the existence of variation in
the grades awarded by the evaluators. Evaluator # 6
(7.38+.95) awarded the highest over all grades and the
lowest grades were by the evaluator # 4 (5.97+1.51).
The overall total mean grades of all the evaluators
was found to be 6.83+1.50. This indicated a moderate
over all scoring/performance of the students in the post
and core preparation. The student’s performance was
best in post length (1.45+.47) criterion and poor most
in post adaptation criterion (1.30+.54) [Table 2].
In Table 3 the inter-evaluators comparison of the
total grades awarded by each evaluator is presented.
Significant differences were found among the evalua-

Fig 1. Radiographs recorded before and after the
post space preparation.

Fig 2: a. Final preparation of the tooth including ferrule and resin pattern fabrication.; b. Relined resin
pattern.
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TABLE 1. POST AND CORE EVALUATION CRITERIA.
Criterion

Grades
2 points Excellent

1.5 points
Good

1 point Fair/
acceptable

Score
0.5 points
Poor

0 points Unacceptable

Post length
(radiograph)

Optimal
Minimally unlength Post
der prepared
space prepared
Post space
with Apical
prepared with
seal = 5 mm
Apical seal =
5-6 mm

Minimally
Moderately
Severely
over prepared
over/under
over or under
Post space
prepared Post prepared Post
prepared with space prepared space prepared
Apical seal = 4
with Apical
with apical
mm
seal = 3-4 mm seal = < 3 mm
or 6-7 mm
or > 7 mm

Post diameter
(radiograph)

Optimal
preparation
No gap left on
the walls

Minimally under prepared
Gap left on the
walls

Minimally
over prepared
Minor ledge
formation /
minor deviation of angle of
drilling

Moderately
over prepared
Ledge formation / moderate deviation
of angle of
drilling

Severely over
prepared
Perforation /
severe deviation of angle of
drilling

Tooth prepaOptimal
ration / ferrule
preparation
(visual inspec- 2mm of ferrule
tion)
with chamfer
margin

Minimally
over prepared
1.5 mm of
ferrule with
chamfer margin

Moderately
over prepared
1 mm of
ferrule Margin not well
defined

Severely over
prepared < 1
mm of ferrule
with no definitive margin

No preparation Absence
of any ferrule /
and no preparation margin

Core build up Optimal Build Over tapered
Under build
Moderately
Severely over/
/ resin pattern up resin patbuild up Core up Core build
over/under
under build up
(visual inspec- tern blending
build up /
up / resin
build up Core Core build up
tion)
with tooth
resin pattern
pattern = 2-3 build up / resin / resin pattern
structure with – blends with mm and poorly pattern = 5-6 = > 6 mm or <
proper reten- tooth structure
finished
mm or 1-2 mm 1 mm with setive features
with excessive
with slight
vere undercut
and well fintapered
undercut
ished
Post adapta- Optimal adapLoose adtion (visual tation Well-fitaptation
inspection)
ting, removLoosely-fitting
able relined
relined post
post /
/ absence of
voids
Absence of
voids

Tight adaptation Snuggly
fitting relined
post / post
removable
with force /
presence of
minimal voids

Voids on post
Presence of
gross voids /
loosely fitting
relined post

Non-removable post Post
cannot be
removed from
the tooth /
fracture of core
from post

Total score out of 10.
DISCUSSION
In the current study, various internationally recognized evaluation criteria for the post and core preparations were assessed.2,5,6 The inter-evaluator variation in
the assessments was also investigated. It is important
for the dental students to develop skills for post and
core step involved in the restoration of ETT in the preclinical courses.20 However, assessment of the students
for this exercise is challenging for the faculty. In the
current study, an attempt was made in standardizing
the evaluation instrument by using ivorine teeth of the

same size and shape for all the students. The analytic
rubrics used in this study attempted to overcome the
difficulty of assessing the post and core exercises by
the students. The students were familiarized with
the criteria and this helped in standardization of the
grading method as well as provided feedback that was
more objective to each student for each criterion.
The results indicated an overall grade of 6.83 out
of 10 (68.3%) as awarded by the six evaluators. This
indicated a moderate score of achievement by the participating students compared to the average scores of
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TABLE 2. MEAN (STANDARD DEVIATION) OF PARAMETERS FOR POST AND CORE PREPARATION
(N=426).
Criterion

Evaluators (n=426)
1 (n=71)

2 (n=71)

3 (n=71)

4 (n=71)

5 (n=71)

6 (n=71)

Overall
mean

P-value

Post
length

1.39 (.48)

1.40 (.57)

1.43 (.54)

1.25 (.46)

1.55 (.31)

1.70 (.28)

1.45 (.47)

0.000

Post diameter

1.35 (.45)

1.51 (.45)

1.19 (.56)

1.04 (.53)

1.48 (.31)

1.57 (.26)

1.36 (.48)

0.000

Tooth
preparation /
ferrule

1.28 (.49)

1.54 (.44)

1.32 (.51)

1.23 (.44)

1.43 (.30)

1.37 (.26)

1.36 (.43)

0.000

Core build
up / resin
pattern

1.33 (.51)

1.62 (.62)

1.12 (.44)

1.21 (.43)

1.44 (.24)

1.32 (.29)

1.34 (.46)

0.000

Post adaptation

1.26 (.55)

1.28 (.74)

1.25 (.64)

1.22 (.59)

1.40 (.29)

1.40 (.24)

1.30 (.54)

0.176

Total out
of 10

6.64
(1.51)

7.36
(1.59)

6.30
(1.75)

5.97
(1.51)

7.33 (.90)

7.38 (.95)

6.83
(1.50)

0.000

TABLE 3. INTER-EVALUATOR COMPARISONS OF THE TOTAL GRADES BY *POST HOC TUKEY HSD
TEST.
Evaluator

1

2

3

4

5

1

-

.025

.709

.060

.043

2

.025

-

.000

.000

1.00

3

.709

.000

-

.745

.000

4

.060

.000

.745

-

.000

5

.043

1.00

.000

.000

-

6

.021

1.00

.000

.000

1.00

*p-value was significant at p < .05
the students for the tooth preparation exercises 7.6
out of 10 (76%) previously reported by Habib et al.12
Unavailability of research studies on the evaluations
of post and cores makes the comparison of the current
study results with other studies difficult. For most of
the evaluators, their average scoring compared to the
overall mean (6.83+1.50) scoring was within a range
of up to +1 grade. However, it was evident that most of
the evaluators had some agreement/consistency among
their grades and this observation is close to findings of
Satheesh et al.21 who reported increased reliability of
90.2% with the use of analytic rubrics in their research
study. The difference in the examiners teaching and
evaluations experience that varied (5-30 years) could
be the reason for the evaluators grade variations.
Another explanation for the inter examiner variation
could be the infrequent use of rubrics by the faculty
for the post and core preparations. Traditionally the
preclinical prosthodontic teaching focus mainly on tooth
preparation exercises and the trainers/evaluators are
well versed with the evaluation criteria for these ex-

ercises. Nevertheless, in the current study an attempt
was made to standardize the grading for the relatively
less frequent post and core preparation exercise.
It has been observed that the students in their preclinical fixed prosthodontic courses usually score better
for the tooth preparation exercises12,20 compared to the
post and core preparations. This could be related to the
time devoted to the post and core exercises which is
much less compared to the tooth preparation exercises.
Dental students spend most of their preclinical courses
time for the tooth preparations and their provisionalization exercises. Another possible reason could be that
the students undergo several tooth preparation exams,
which significantly improves their tooth preparation
skills compared to post and core exam, which is less
frequent. Furthermore, steps like mounting and endodontic treatment involved in the preparation of the
exam tooth further complicates the conduction of post
and core exam. Nevertheless, the common presence of
ETT/badly decayed teeth requiring cast post and core
for the restoration of their teeth makes this important
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TABLE 4. RESULTS OF POST HOC TUKEY HSD TEST* COMPARING THE SCORES OF 6 EVALUATORS WITHIN EACH CRITERION.
Criterion

Evaluator

1

Post length

2
3

Post diameter

Tooth preparation / ferrule

Core build up
/ resin pattern

Post adaptation

2

3

4

5

1.00

-

-

-

-

.998

.9999

-

-

-

4

.451

.394

.205

-

-

5

.291

.340

.571

.001

-

6

.001

.001

.006

.000

.394

2

.251

-

-

-

-

3

.251

.000

-

-

-

4

.001

.000

.351

-

-

5

.468

.999

.001

.000

-

6

.031

.957

.000

.000

.822

2

.005

-

-

-

-

3

.996

.026

-

-

-

4

.982

.000

.839

-

-

5

.293

.668

.603

.061

-

6

.839

.162

.982

.408

.947

2

.003

-

-

-

-

3

.055

.000

-

-

-

4

.597

.000

.824

-

-

5

.718

.174

.000

.032

-

6

1.00

.001

.090

.718

.597

2

1.00

-

-

-

-

3

1.00

.999

-

-

-

4

.997

.982

1.00

-

-

5

.635

.778

.533

.339

-

6

.635

.778

.533

.339

1.00

*p-value was significant at p < .05.
exercise/exam worthwhile.
With regards to the scoring in various post and core
criteria, the students’ performance was best (1.45+.47)
in the post length preparations, followed by the post
diameter (1.36+.48), ferrule (1.36+.43), resin pattern
(1.34+.46) and post adaptation (1.30+.54). While different opinions exists as to the length of the post preparation, authors mostly agree that the post should not
disturb the apical seal. Schwartz and Robbins (2004)5
stated that leakage was reduced considerably when an
excess of 4 mm of gutta-percha remained in the apex
of the canal, a minimum requirement to prevent the
leakage and reduce the chances of periapical infection.2
According to some researchers the increase in post
diameter leads to increased retention because of the
increase in the surface area available for adhesion.22 On
the other hand, other studies reported that increasing
post diameter was an inefficient way of increasing its
retention and suggested the optimum diameter of the

post to be one-third the diameter of the root.22 To reduce
failures and fractures, Mou et al23 recommended that
the optimum cast post to root diameter ratio should be
approximately 1:4. However, the desired post diameter
should be determined based on the morphology of the
tooth to avoid unnecessary removal of sound tooth
structure.24 These important aspects were considered
while designing of the evaluation criteria in the current
rubrics. The better performance of the students in the
post length and post width criteria could be related
to their improved endodontic skills acquired from the
preclinical endodontic courses.25 From the results it
was evident that students were struggling in the post
adaptation criterion as well as the resin pattern fabrication which could be due to their underdeveloped
skills in handling of the autopolymerising resin used
for the relining, which requires practice and expertise.
The results of the current study should be interpreted with caution due to some limitations of the study.
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The limitations included variations in the endodontic
treatment of the prepared teeth, using ivorine teeth
instead of natural teeth for the study and the sum of
grades awarded in each criterion making the overall
grade higher for some students, despite those students
making major errors in some criterion. Nevertheless,
the information provided in this study about rubrics
for post and core assessment can help in reducing the
burden on faculty in their preclinical evaluation. It is
recommended to devote more time for the post and core
exercises in the preclinical courses, utilize rubrics for
the evaluations of prefabricated post and core exercises
and revise/modify the rubrics regularly to ensure its
effectiveness.
CONCLUSIONS
The use of rubrics for the assessments of various
success criteria of post and core preparations by the
dental students is useful, and can help in finding the
inaccuracies and deficiencies within each parameter of
their work. Variations in the evaluator’s grades still
existed despite utilizing analytical rubrics, underscoring the need for continuous efforts in improvement of
the rubrics.
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